Cytochrome P-450 of adrenal mitochondria. Spin states as detected by difference spectroscopy.
Adrenal mitochondrial cytochrome P-450 which functions in cholesterol side chain cleavage (P-450scc) exhibited type I (lambdamax 385, lambdamin 420 nm) and inverse type I (lambdamin 385, lambdamax 420 nm) difference spectra with several steroids. The magnitude and type of response were dependent on the particular steroid and on the extent to which cholesterol was bound to the cytochrome in the intact mitochondrion. the inverse type I difference spectrum induced by 3beta-hydroxy-pregn-5-ene-20-one (pregnenolone) was dependent on the proportion of high spin cholesterol-cytochrome P-450scc complexes. With rat adrenal mitochondria cholest-5-ene-3beta, 20alpha-diol (20alpha-hydroxycholesterol) invariably induced a smaller inverse type I response and, under conditions where cytochrome P-450scc was nearly free of cholesterol, even produced a small type I response. Two distinct steroid binding sites on cytochrome P-450scc were detected by, respectively, the slow type I response to cholest-5-ene-3beta, 25-diol (25-hydroxycholesterol) and the rapid type I response to a subsequent addition of cholest-5-ene-3beta, 20alpha, 22 R-triol (20alpha, 22R-dihydroxycholesterol). The relative proportions of the spectral responses to these steroids were dependent on the previous extent of adrenal activation by adrenocorticotropic hormone (ACTH), because this stimulatory process altered the combination of mitochondrial cholesterol with cytochrome P-450scc. It is proposed that the two steroid binding sites on cytochrome P-450scc interact with steroids in the following way: site I binds cholesterol, 25-hydroxycholesterol, and 20alpha, 22R-dihydroxycholesterol with formation of a partially high spin cytochrome; site II binds both pregnenolone and 20alpha-OH cholesterol resulting in a low spin cytochrome. Interactions between sites I and II are not competitive, and occupancy of site II ensures a low spin state irrespective of the occupancy of site I. A second mode of interaction by 20alpha, 22R-dihydroxycholesterol stabilizes a high spin cytochrome and is competitive with site II binding by 20alpha-hydroxycholesterol or pregnenolone. Formation of a maximally high spin cytochrome follows occupancy by 20alpha, 22R-dihydroxycholesterol at both sites.